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Abstract. We present a dilatonic description of the holographic dark energy by connecting the holographic 
dark energy density with the dilaton scalar field energy density in a flat Friedmann-Robertson- Walker 
universe. We show that this model can describe the observed accelerated expansion of our universe with 
the choice c > 1 and reconstruct the kinetic term as well as the dynamics of the dilaton scalar field. 

PACS. 98.80.-k Cosmology, - 95.36. +x Dark energy 



1 Introduction 



The fact that the universe is undergoing an epoch of ac- 
celerated expansion is well supported by recent cosmo- 
logical observations from Type la supernovae (SN la) [1], 
Cosmic Microwave Background (CMB) anisotropies mea- 
sured with the WMAP satellite [2] , Large Scale Structure 
[3], weak lensing [4] and the integrated Sach- Wolfe effect 
[5]. Within the framework of the standard Friedmann- 
Robertson- Walker (FRW) cosmology, this present accel- 
eration requires the existence of a negative pressure fluid, 
dubbed dark energy, whose pressure pa and density pa 
satisfy oja — Pa/ Pa < —1/3. In spite of this mounting ob- 
servational evidence, the nature and origin of dark energy 
remains unknown and has become a fundamental problem 
in theoretical physics and observational cosmology. The 
cosmological constant (or vacuum energy) is the most ob- 
vious candidate to address this issue as it complies well 
with the cosmological tests at our disposal. However, the 
well known problem of the cosmological constant and the 
coincidence problem [6] are enough reasons to look for al- 
ternatives. Interesting proposals are the quantum cosmic 
model [7] and f(R) theories (see [8] for recent reviews 
and references therein). Likewise, we have a plethora of 
dynamical dark energy models such as quintessence [9], 
tachyon [10], phantom[ll], quintom [12], etc. Neverthe- 
less, these scalar held dark energy models are only seen as 
an effective description of the underlying theory of dark 
energy. 

On the other hand, based on the validity of effective 
local quantum field theory in a box of size L, Cohen et al 
[T3"] suggested a relationship between the ultraviolet (UV) 
and the infrared (IR) cutoffs due to the limit set by the 
formation of a black hole. The UV — IR relationship gives 
an upper bound on the zero point energy density 



where L acts as an IR cutoff and M p is the reduced Planck 
mass in natural units. This means that the maximum en- 
tropy in a box of volume L 3 is 



-,3/4 
J max ~ ^BHi 



(2) 



being Sbh the entropy of a black hole of radius L. The 
largest L is chosen by saturating the bound in Eq.([T]) so 
that we obtain the holographic dark energy density 



PA = 3c 2 M*L- 2 , 



(3) 



where c is a free dimensionless O(l) parameter and the 
numeric coefficient is chosen for convenience. Interestingly, 
this pa is comparable to the observed dark energy density 
~ 10 _10 eV 4 if we take L as the Hubble scale H' 1 being 
the Hubble parameter at the present epoch H = Hq ~ 
10 -33 eV. 

However, Hsu [14] pointed out that this does not lead 
to an accelerated universe. This led Li [TS] to propose that 
the IR cut-off L should be taken as the size of the future 
event horizon of the universe 



Rch(a) = a 



dt' 



da' 
lid' 



(4) 



p A < L- 2 Ml 



(1) 



where a is the scale factor of the universe. 

This allows to construct a satisfactory holographic dark 
energy (HDE) model which presents a dynamical view of 
the dark energy that may provide natural solutions to 
both dark energy problems as showed in [TS]. The HDE 
model has been tested by various observational data in- 
cluding SNIa [H], SNIa+BAO+CMB QHEB], X-ray gas 
mass fraction of galaxy clusters [15], differential ages of 
passively evolving galaxies [20], Sandage-Leob test [21] . 
and so on [22] ■ These analyses show that the HDE model is 
consistent with the observational data, being even mildly 
favoured over the LCDM [33]. 
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As a matter of fact, a time varying dark energy gives a 
better fit than a cosmological constant according to some 
analysis of astronomical data coming from type la super- 
novae [23]. However, it must be stressed that almost all dy- 
namical dark energy models are settled at the phenomeno- 
logical level and the HDE model is no exception in this 
respect. Its advantage, when compared to other dynami- 
cal dark energy models, is that the HDE model originates 
from a fundamental principle in quantum gravity [25] , and 
therefore possesses some features of an underlying theory 
of dark energy. It is then fair to claim that the simplic- 
ity and reasonable nature of HDE provide a more reliable 
framework for investigating the problem of DE compared 
with other models proposed in the literature. For instance, 
the coincidence problem is substantially alleviated in some 
models of HDE based on the assumption that dark matter 
and HDE interact, with a decay of HDE into dark matter. 

On the other hand, as is well known, the scalar field 
models are an effective description of an underlying theory 
of dark energy. They are popular not only because of their 
mathematical simplicity and phenomenological richness, 
but also because they naturally arise in particle physics 
including supersymmetric field theories and string/M the- 
ory Q. However, these fundamental theories do not predict 
their potential V(<f>) or kinetic term uniquely. We are inter- 
ested in the following: if we assume the holographic dark 
energy energy scenario as the underlying theory of dark 
energy, how a scalar field model can be used to effectively 
describe it. Therefore, it is meaningful to reconstruct the 
V(cj>) or kinetic term kinetic term of a dark energy model 
possessing some significant features of the quantum grav- 
ity theory, such as the HDE model. In order to do that, 
the procedure is to establish a correspondence between the 
scalar field and the holographic dark energy by identifying 
their respective energy densities and then reconstruct the 
potential (if the scalar field is quintessence or the tachyon, 
for instance) or the kinetic term (k-essence or the dilaton 
belong to this class) and the dynamics of the field. In this 
paper, within the different candidates to play the role of 
the dark energy, we have chosen the dilaton (when it be- 
haves as a scalar field), as this has emerged as a possible 
source of dark energy [33]. Some work has been done in 
this direction. Holographic quintessence and holographic 
quintom models have been discussed in [25] and [30], re- 
spectively, the holographic tachyon model in [31] and the 
holographic kinetic k-essence model in [32 . Other rele- 
vant works can be found in [33] • As stated above, the aim 
of our work is to construct a holographic dilatonic model 
of dark energy, relating the dilaton scalar-field with the 
HDE. The rest of the paper can be outlined as follows. In 
Sec. 2 we build the holographic dilatonic model and plot 
the kinetic term and the evolution of the dilaton field. The 
conclusions are drawn in Sec. 3. 



to see, for instance, how quintessence and tachyon models 
arise quite naturally out of the framework of string theory, 
consult [26| and [271128] . respectively 



2 Holographic dilatonic model of dark energy 

We consider as a starting point the four-dimensional ef- 
fective low-energy string action which is generally given 

by 



S 



/[c« J B«(0)(W) 4 + ...] + O(a' 2 )} (5) 



where <f> is the dilaton field that controls the strength of 
the string coupling g 2 via the relation g 2 = e^. Here we 
set k 2 — 8ttG — 1. The low-energy effective string theory 
generates higher-order derivative terms coming from a' 
and loop corrections (here a' is related to the string length 
scale A s via the relation a' — X s /2tt). 

In the weak coupling regime {e? -C 1) the coupling 



CO) 



D 



0) 



functions have the dependence B g ~ B 

We shall work in the context of the so-called runaway 
dilaton scenario |35j in which the coupling functions in 
Eq. (J5J are given by 



BM=C g + D g e- 



(6) 
(7) 



In this case B g {4>) and B^\<f>) approach constant values 
as <j) — > oo. Hence the dilaton gradually decouples from 
gravity as the field evolves toward the region <f> 3> 1 from 
the weakly coupled regime and we assume that the dilaton 
is effectively decoupled from gravity in the limit <j> — > oo 
and therefore behaves as a scalar field. 

Once we assume that the dilaton behaves as a scalar 
field, we consider the following general 4-dimensional ac- 
tion 



S — Sqrav + Sd> — 



M 2 



R + Pd(X, 



. (8) 



where R is the Ricci scalar and the effective Lagrangian 
density pd(X, cj)) can be expressed as 



Pd(X, 



-X + de^X 2 



(9) 



being d a positive constant and X = i</> 2 the kinetic term 
of the dilaton scalar field c/>. This is a higher-order kinetic 
correction to the usual kinetic term motivated by dilatonic 
higher-order corrections to the three-level action in low 
energy effective string theory [33]. Since the e Ac ^ term in 
Eq. <jpj can be large for —> oo, the second term in Eq. © 
can stabilise the vacuum even if X is much smaller than 
the Planck scale. 

In string theory we have other non-perturbative and 
loop corrections such as the Gauss-Bonnet (GB) curvature 
invariant. Further, a dark energy model based on a string- 
inspired Lagrangian must in general contain higher deriva- 
tive terms. It is also important to acknowledge the role 
that the GB coupling with the scalar field may play in the 
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late-time universe [3"6"ll37| . Moreover, the cosmological im- 
plications of the HDE density in the Gauss-Bonnet frame- 
work have been investigated in [35]. Therefore, it would 
certainly be of interest to extend my analysis to such a 
direction and this is left for a future work. However, in 
this paper, I have carried out the analysis for a simpli- 
fied Lagrangian in order to understand the basic picture 
of the system. This seems to be justifiable [33], and the 
dilatonic dark energy model obtained [33] possesses the 
characteristics of a viable model of dark energy. 

We assume a spatially flat Friedmann- Robertson- Walker 
background spacetime ds 2 = dt 2 — a 2 {t)dx 2 (where a(t) 
is the scale factor). Unless stated otherwise, we consider 
4> to be smooth on scales of interest so that X = \<\> 2 > 0. 
The energy-momentum tensor of the dilaton is obtained 
from Eq. ©, yielding 



TW = -. 

[IIS 



2 SSd, 



9^Pd + P^d^d^c/), (10) 



where p : x = dp/dX. Since the energy-momentum tensor 
(fTU|) of the dilaton scalar field is that of a perfect fluid, 
Tfu, = (p + pju^u^ + g^p, with velocity u M = 
we have the dilaton energy density po 



PD = 2Xp D ,x ~p D = -X + Me^X 2 



(11) 



and the Lagrangian density pressure in Eq. corresponds 
to the dilaton pressure po- Throughout this paper, we 
will assume that the energy density is positive so that 
-X + Me^X 2 > 0. 

We know proceed to derive the stability conditions of 
the dilatonic dark energy by considering small fluctuations 
S(f)(t,x) around a background value (j>o(t) which is the so- 
lution in the FRW spacetime. Then the field <j>(t, x) can 
be decomposed in the conventional form 



<£(t,x) = <fo (i) + x). 



(12) 



Since we are interested in ultra-violet (UV) instabilities, it 
is not restrictive to consider a Minkowski background. Ex- 
panding pd(X, <f>) at the second order in 8(f), it is straight- 
forward to find the Lagrangian and then the Hamiltonian 
for the fluctuations. The perturbed Hamiltonian reads 



T-L = {pd,x + 2Xp D ,xx) 



m 2 



-Pd,x- 



{V5(f>f 



PD,. 



(13) 



The positive definiteness of the Hamiltonian is guar- 
anteed if the following conditions hold 



6 = Pd.x + 2Xp D ,xx > 0, £ 2 

£.3 = -PDM > 0. 



PD,X > 0, (14) 



When discussing the stability of classical perturba- 
tions, the quantity often used is the speed of sound c s 
defined by [39 



Pd.x _ 6 
Pd,x £1 



(16) 



In cosmological perturbation theory c 2 appears as a coeffi- 
cient of the k 2 /a 2 term, where k is the comoving wavenum- 
ber. While the classical fluctuations may be regarded as 
stable when c 2 > 0, the stability of quantum fluctuations 
requires both the conditions £1 > and £2 > 0. These 
two conditions prevent an instability related to the pres- 
ence of negative energy ghost states. If these conditions 
are violated, the vacuum is unstable under a catastrophic 
production of ghosts and photon pairs [4"0"ll4"T] . The pro- 
duction rate from the vacuum is proportional to the phase 
space integral on all possible final states. Since only a UV 
cut-off can prevent the creation of modes of arbitrarily 
high energies, this is essentially a UV instability. In our 
model the e x ^ appearing in the second term of the RHS 
in Eq.© can be large for (j> — > 00, so that such a term 
in Eq.® can stabilise the vacuum even if X was much 
smaller than the Planck scale. In particular, since in our 
model £1 = -1 + Gde^X and £ 2 = -1 + 2de X(t, X, the 
quantum stability is ensured for de x ^X > 1/2. The equa- 
tion of state for the dilaton can be written aspu = wdPd 
which rearranged gives the equation of state parameter 



w D = 



p D dXe^ - 1 



PD 



SdXe^ - 1 ' 



(17) 



Hence we have too > -1 under the condition de x ^X > 
1/2, which means that the phantom equation of state 
(wd < — 1) if not realised if we want the model to be 
quantum mechanically stable. 

Let us study now the cosmological dynamics of the 
dilatonic dark energy model in the flat FRW background. 
As a matter fluid, with energy density p m , we take both 
baryons and cold dark matter. The Einstein equations in 
this case are 



3H = p D + pm , 

2H = -(2X PD ,x + p m ) 
p D + 'ZH(p D +Pd) = , 



(18) 
(19) 
(20) 



where from here onwards we set Mp = 1. Inserting Eqs. 
© and (TPTj) in the above equations yields 



an* - - 5 

2H = ft - 
4>(3de Xtt, <j) 2 



1 12 , 3 



F Pm ■ 
Pm i 

ZH^de^ft 



(21) 
(22) 



^Ae A ^ 4 = 0. 
4 



(23) 



In order to study cosmological dynamics in the pres- 



(15) ence of the dilaton scalar field and a background fluid, 
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it is convenient to introduce the following dimensionless 
variables 



-A0/2 



■1-2 



which can be written in an autonomous form 



(24) 



1 



1 - 6dY 



3(2dY - l)x! + — \dx\Y 



— = - — \x x x 2 + -x 2 [l + x\{dY - l)] 



,(25) 
(26) 



where N = In a is the number of e- foldings which is con- 
venient to use for the dynamics of dark energy and 



Y = f| = Xe x * . 

x 2 



(27) 



The equation of state and the fraction of the energy 
density for the dilaton field can now be written as 



w D 



l-dY 
l - MY 

PD 

3H 2 



x 

c\ + 3d— i- 



(28) 
(29) 



The condition for the stability of quantum fluctuations 
corresponds to dY > 1/2. The following fixed points are 
relevant for viable cosmological evolution: 

(a) Matter point: (xi,x 2 ) = (0,1/2). This satisfies 
Wd = —1, fio = and fl m = 1. 

(b) Accelerated point: (x 1 ,x 2 ) = (- v / 6A/_(A)/4, 1/2 + 
A 2 /+(A)/16), where 



/± = 1 ± y/1 + 16/(3A 2 ) . (30) 

This satisfies w D = (-8 + A 2 ./+(A))/(8 + 3A 2 /+(A)), Q D = 
1 and fl m = 0. The cosmic acceleration occurs for — 1 < 
wd < —1/3, i.e., 1/2 < dY < 2/3. This corresponds to 
the condition < A 2 /+(A) < 8/3, i.e., 



< A < n/6/3. 



(31) 



It can be shown that this accelerated point is stable for 
< A < \/3 [34]. Hence the stability of the accelerated 
point is ensured under the condition (|31[) . 

We also have other fixed points. For example, there is 
another accelerated point (xi,x 2 ) = (— v6A/ + (A)/4, 1/2 + 
A 2 /_(A)/16), but this corresponds to the quantum insta- 
bility region dY < 1/2 (i.e. the phantom equation of state 
wd < —1). During the matter era we also have the scal- 
ing solution with (xi,x 2 ) — (-\/6/(2A), 1), J?d = 3/A 2 , 
and wd — 0. However, the existence of a viable scaling 
matter era requires the condition A > -\/3, which is not 
compatible with the condition (|3T|) . 

We shall study the stability of the fixed points in the 
case of d = 1. The eigenvalues of the matrix M. were 



numerically evaluated in Ref. |42j and it was shown that 
the determinant of the matrix M. for the point (x\, x 2 ) = 
(-V6A/+(A)/4,l/2 + A 2 /_(A)/16) is negative with neg- 
ative real parts of fi\ and [i 2 . Hence this phantom fixed 
point is a stable spiral. As already mentioned, the point 
(b) is a stable node for < A < -\/3, whereas it is a saddle 
point for A > \fi. This critical value A* = V3 is com- 
puted by setting the determinant of M. to be zero. The 
point {x\,x 2 ) — (\/6/(2A),l) is physically meaningful for 
A > \f% because of the condition J?^ < 1, and it is a stable 
node Hence the point (^1,^2) = (\/6/(2A),l) is sta- 
ble when the point (b) is unstable and vice versa. It was 
shown in Ref. that this property holds for all scalar- 
field models which possess scaling solutions. We recall that 
the point {x u x 2 ) = (-\/6A/ + (A)/4, 1/2 + A 2 /_(A)/16) 
is not stable at the quantum level. The above discussion 
shows that the only viable attractor which satisfies the 
conditions of an accelerated expansion and the quantum 
stability is the point (b) . Finally, we recall the sound speed 
of the dilatonic model is smaller that the speed of light 
because the condition p t xx > holds. The sound speed 
squared in this case is given by 



2dY - 1 



MY-Y ^ 

The condition ([31]) for the existence of the late-time ac- 
celerated point gives 1/2 < dY < 2/3. Hence the sound 
speed runs in the interval 



< c s < 1/3 



(33) 



which means that this model does not violate causality. 

We shall proceed with our study in the light of the 
HDE with c > 1 as the future event horizon is only well 
defined when wd > —1 (see |15| ) and we also want to 
ensure quantum stability. 

In order to build our holographic model, we impose 
the holographic nature to the dilatonic dark energy, i.e., 
we identify pd with p\. 

We consider a universe filled with a matter component 
p m and a holographic dilatonic component pd, the Fried- 
mann equation (18) can be equivalently expressed as 



H{z) = H Q 



1 - fl 



D 



1/2 



(34) 



where z = (1/a) — 1 is the redshift of the universe. From 
the definition of the HDE and the definition of the future 
event horizon, we find 

da! r°° dx 
Ha 



Ha a J x Ha y 'flDHa 
The Friedmann equation (1341) implies 



(35) 



1 



1 



= ^Ja{\ - Q D ) 

Ha H yJ fimfi 

Inserting ([3"6")l into (l3"5j) . we arrive at 

/•oo 

/ e x, / 2 ^l-QDdx' = ce x ' 2 

J X 



-1, 



(36) 



(37) 
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where x = In a. The differential equation for the fractional 
density of dark energy is obtained by taking the derivative 
with respect to x in both sides of equation (|57|) . yielding 



f2 D = -{l + z)- 1 Q D {l-Q D ) 1 



, (38) 



where the prime denotes the derivative with respect to the 
redshift z. This equation has an exact solution [15] and 
describes the evolution of the HDE as a function of the 
redshift. Since fl D is always positive, the fraction of dark 
energy increases with time. From the energy conservation 
equation of dark energy, the equation of state parameter 
of dark energy can be expressed as [15] 



L0 D 



1 d\npr> 
3 din a 



A" 



3.5 
3.0 
2.5 
2.0 
1.5 
1.0 
0.5 
0.0 








, , Fig. 1. Variation of X(z), where X is in units of 3Hq . We take 
' here J? m ,o = 0.27 and show the cases for c = 1, 1.1, 1.2, 1.3. 



and the dif- 



\-n L 

[381) . are used in the second 



Note that the formula po = 
ferential equation of Sin, Eq. 
equal sign. 

The use of Eqs. ([3"S p .(|TT ]l and flTf|) allows the derivation 
of the kinetic term X in terms of holographic quantities 



x _ n D n mfi (i - 3w D )(i + zf 



Pcrfl 



2(1 - Q D ) 



(40) 



where flu and wd are given by Eqs. ([55]) and (|3"5|) respec- 
tively, and p C r,o = 3i?Q is the critical density at the present 
epoch. 

Moreover, from the definition of the kinetic term X — 
i0 2 and Eq. (|4U1) . we can deduce derivative of the holo- 
graphic dilatonic scalar field <f> with respect to the redshift 

z 



iT~z : 



(41) 



where the sign is in fact arbitrary as it can be changed by 
a redefinition of the field <fi — > —cf>. The evolutionary form 
of the holographic dilatonic field can be easily obtained 
integrating the above equation numerically from z = to 
a given value z. The field amplitude at the present epoch 
(z = 0) is taken to vanish, 0(0) = 0. Changing this initial 
value is equivalent to a displacement in <f> by a constant 
value 4>q — 4>(z = 0), which does not affect the shape of 
the field. 

The parameter c plays an essential role in describing 
the evolution of the HDE model and should be determined 
by cosmological observations. From Eq. (|3"5)) we see that 
the equation of state parameter satisfies —(1 + 2/c)/3 < 
wd < —1/3 due to < Qd < 1. If c = 1, the dark energy 
equation of state parameter would asymptote to that of 
a cosmological constant and the Universe would enter the 
de Sitter phase in the future; if c > 1, the equation of 
state parameter of dark energy would always be greater 
than — 1, behaving as quintessence dark energy; if c < 1, 
the equation of state parameter of HDE would be initially 
greater than —1, but it would decrease and eventually 




Fig. 2. The evolution of the dilaton scalar field <f>(z) with the 
(— ) sign in Eq. (|4T]l . We take here J? m ,o = 0.27 and show the 
cases for c = 1, 1.1, 1.2, 1.3. 



3.5 



3.0 



2.5 



.2.0 



1.5 



1.0 



0.5 



0.0^ 
0.0 




0.5 



1.0 



1.5 





2.0 



2.5 



Fig. 3. Reconstructed X for the holographic dilaton 
is in units of 3Hq. We take here fi m ,o = 0.27 and 
cases for c = 1, 1.1, 1.2, 1.3. 



3.0 

where X 
show the 
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cross the phantom divide line (wn — — 1) as the Universe 
expands, acting as a quintom. 

The best-fit analysis on the HDE model, by using the 
latest observational data including the Union+CFA3 sam- 
ple of 397 Type la supernovae (SNIa), the shift param- 
eter of the cosmic microwave background (CMB) given 
by the five-year Wilkinson Microwave Anisotropy Probe 
(WMAP5) observations, and the baryon acoustic oscil- 
lations (BAO) measurement from the Sloan Digital Sky 
Survey (SDSS) favors quintom behavior slightly. However, 
quintessence-like behavior is also still allowed with the 
present data [53], [H]. That is why the case c > 1 is 
worth investigating in detail. In addition, [23] shows that 
c < 1.2 at more than 3cr which is consistent with the pos- 
sible theoretical limit of the parameter c from the weak 
gravity conjecture (see [IS]). It was also found that the 
HDE model fits mildly better than the ACDM, but with 
the data available at present the difference is not signifi- 
cant. 

The holographic evolution of the kinetic term can be 
obtained numerically and it is shown in Fig.l where we 
can see that X is a positive and monotonically increasing 
function with z for an accelerating Universe with HDE. 
Likewise, the behavior of 4>(z), obtained through Eq. (|4Tj) . 
is displayed in Fig. 2. 

The holographic dilatonic dark energy, represented by 
X, is plotted in Fig. 3 as a function of <\>. From Figs. 2 
and 3 we can see the dynamics of the field explicitly. Se- 
lected curves are plotted for the cases of c = 1.0, 1.1, 1.2 
and 1.3, and the present fractional matter density is cho- 
sen to be f2 m ,o = 0.27. Given that the kinetic term de- 
creases gradually with the cosmic evolution, the equation 
of state parameter of the dilaton wr> tends to negative 
values close to —1 according to Eq. (|3"9"j) as — !> 0. As 
a result dwD/d\na,< 0. Note that <fi(z) increases with z 
but becomes finite at high redshift. This means that cj> 
decreases as the universe expands. Similar behavior was 
obtained in [29] for the holographic quintessence and in 
[31] for the holographic tachyon model. Another paper 
[30] also dealt with the holographic dilaton but the start- 
ing point, objectives, contents and conclusions in it are 
different from ours. 



3 Conclusions 

We have proposed a holographic dilatonic model of dark 
energy with the future event horizon as infrared cut-off. 
This has been done by establishing a correspondence be- 
tween the HDE model and the dilaton field. We have also 
carried out a detailed analysis of its evolution and explore 
its cosmological consequences. 

By assuming that the scalar field models of dark en- 
ergy are effective theories of an underlying theory of dark 
energy and regarding the scalar field model as an effective 
description of such a theory, we can use the dilaton scalar 
field model to mimic the evolving behavior of the HDE. 
As a result, we have reconstructed the holographic dila- 
tonic model in the region —1 < wo < —1/3, which is the 



allowed region for this model when c > 1 and that is also 
quantum mechanically stable. 

Therefore, we have shown that the holographic evo- 
lution of the universe can be described completely by a 
dilaton scalar field for c > 1 . 



References 

1. A. G. Riess et al. [Supernova Search Team Collaboration], 
Astron. J. 116 (1998) 1009 [arXiv:astro-ph/980520l] ; S. Perl- 
mutter et al. [Supernova Cosmology Project Collaboration], 
Astrophys. J. 517 (1999) 565, [arXiv:astro-ph/9812133l ; W. 
J. Percival et al. [The 2dFGRS Collaborationj , Mon. Not . 
Roy. Astron. Soc. 327 (2001) 1297, [arXiv:astro-ph/0105252] ; 
P. Astier et al, Astron. Astrophys. 447, 31 (2006); A. G. 
Riess et al. [Supernova Search TeamCollaboration] , Astro- 
phys. J. 607, 665 (2004) [arXiv:astro-ph/0402512T , P. de 
Bernardis et al, Nature (London) 404, 955 (2000); R.A. 
Knop et al, Astrophys. J. 598, 102 (2003); J.L. Tonry et 
al, Astrophys. J. 594, 1 (2003); M.V. John, Astrophys. J. 
614, 1 (2004). 

2. D.N. Spergel et al, Astrophys. J. Suppl. 170, 377 (2007); 
G. Hinshaw et al, Astrophys. J. Suppl. 170, 288 (2007). 

3. M. Colless et al, Mon. Not. R. Astron. Soc. 328, 1039 
(2001); M. Tegmark et al, Phys. Rev. D 69, 103501 (2004); 
V. Springel, C.S. Frenk, and S.M.D. White, Nature (London) 
440, 1137 (2006). 

4. C.R. Contaldi, H. Hoekstra, and A. Lewis, Phys. Rev. Lett. 
90, 221303 (2003). 

5. S. Cole et al, Mon. Not. R. Astron. Soc. 362, 505 (2005); 
S.P Boughn, and R.G. Crittenden, Nature, 427, 45 (2004); 
S.P. Boughn, and R.G. Crittenden, Mon. Not. R. Astr. Soc. 
360 1013, (2005); S.P. Boughn, and R.G. Crittenden, New 
Astron. Rev. 49, 75 (2005). 

6. P.J. Steinhardt, in Critical Problems in Physics, edited by 
V.L. Fitch and D.R. Marlow (Princeton University, Prince- 
ton, NJ, 1997). 

7. P. F. Gonzalez-Diaz, AI P Conf. Proc. 878 (2006) 
227 arXiv:hep-th /0608204] ; P. F. Gonzalez-Diaz and 
A. Rozas-Fernandez, P hys. Lett. B 641 (2006) 134 
arXiv:astro-ph/0609263 ; P. F. Gonzalez-Diaz and 

A. Rozas-Fernandez, Class. Quant. Grav. 25 (2008) 
175023 |arXiv:0807.2055l [gr-ac]]. 

8. F. S. N. Lobo, |arXiv:0807.1640 [gr-qc]; S. Nojiri and 
S. D. Odintsov. larXiv70 807.0685 [hep-th]. 

9. P. J. E. Peebles and B. Ratra, Astrophys. J. 325 L17 (1988); 

B. Ratra and P. J. E. Peebles, Phys. Rev. D 37 3406 (1988); 

C. Wetterich, Nucl. Phys. B 302 668 (1988); J. A. Frieman, 
C. T. H ill, A. Stebbins and I. Waga, Phys. Rev. Lett. 75, 2077 
(1995) [astro-ph/9505060] ; M S. Turner and M . J. White, 
Phys. Rev. D 56, 443T(T997) [astro-ph/9701138| ; R. R. Cald- 
well, R. Dave and P. J. Ste inhardt, Phys. Rev. Lett. 80, 1582 
(1998) [astro-ph/9708069] ; A. R. Liddl e and R. J. Scher - 
rer, Phys. Rev. D 59, 023509 (1999) |astro-ph/9809272] ; 
I. Zlatev, L. M. Wa ng and P. J. Stein hardt, Phys. Rev. 
Lett. 82, 896 (1999) [astro-ph/9807002] ; P. J. Steinhardt, 
L. M. Wang and I Zlatev, Phys. Rev. D 59, 123504 (1999) 
[astro-ph/9812313] , 

10. A. Sen, JHEP 0207, 065 (2002) hep-th/ 0l03265] ; A. Sen, 
JHEP 0204, 048 (2002) |hep-th/0203211| . 



Alberto Rozas-Fernandez: Holographic dilatonic dark energy model 



7 



11 R. R. Cal dwell, Phys. Lett. B 545, 23 (2002) 
[astro-ph/ 9908168 ; R. R. Caldwell, M. Kamionkowski and 
N. N. Weinberg Phys. Rev. Lett. 91, 071301 (2003) 
[astro -ph/0302506]. 

12. E. Elizalde, S. Nojiri and S. D. Odintsov, Phys. Rev. 
D 70 (2004) 043539 [arXiv:hep-th/0405034j ; B. Feng, 
X. L. Wa ng and X. M. Z hang, Phys. Lett. B 607, 
35 (2005) [astro-ph/0404224] ; Z. K. Guo, Y. S. Piao, 
X. M. Zhang and Y. Z Zhang, Phys. Lett. B 608, 177 

(2005) |astro-ph/041 0654 ; X. Zhang, Commun. Theor. Phys. 
44, 762 (2005); H. Wei, R. G. Cai a nd D. F. Zeng , 
Class. Quant. Grav. 22, 3189 (2005) [hep-th/050il60] . 
H. S. Zhang and Z. H. Zhu, Phys. Rev. D 75, 023510 (2007) 
[astro-ph/0611834| . 

13. A. G. Cohen, D. B. Kaplan and A. E . Nelson, Phys. Rev. 
Lett. 82, 4971 (1999) [hep-th/9803132] . 

1 4 S. D. H. H su, Phys. Lett. B 594, 13 (2004) 

[hep-th/0403052] . 
15. M. Li, Phys. Lett. B 603, 1 (2004) [hep-th/0403~T27l . 

1 6 Q. G. Huang an d Y. G. Gong, JCAP 0408, 006 (2004) 
[astro-ph/0403590] . 

1 7 X. Zhang and F. Q. W u, Phys. Rev. D 72, 043524 (2005) 
[MXi7iastro^ph/0506310'; X. Zhang and F. Q. Wu , Phys. 
Rev. D 76, 023502 (2007) [arXiv:astro-ph/0701405T ; M. Li, 
X. D. Li, S. Wan g and X. Zhang, JCAP 0906, 036 (2009) 
|arXiv:0904.0928l [astro-ph . CO] ] . 

18. M. Li, X. D. Li, S. Wang, Y. Wa ng and X. Zhang, JCAP 
0912, 014 (2009) |arXiv:0910.3855l [astro-ph. CO]]. 

19. Z. C hang, F. Q. Wu an d X. Zhang, Phys. Lett. B 633, 14 

(2006) [astro-ph/0509531] . 

2 Z. L. Yi and T. J . Zhang, Mod. Phys. Lett. A 22, 41 (2007) 
[astrb -ph/0605596]. 

21. H. Zhang, W. Z hong, Z. H. Zhu a nd S. He, Phys. Rev. D 
76, 123508 (2007) [arXiv:0705.4409l [astro-ph]]. 

22. See also, e.g., J. Y. Shen, B. Wang, E. Ab- 
dalla and R. K. Su Phys. Lett. B 609, 200 (2005) 
[arXiv:hep-th/0412227] . 

23. Y. Z. Ma, Y. Gong and X. Chen, Eur. Phys. J. C 60 (2009) 
303 !arXiv:0711.1641l [astro-ph]]. 

24. U. Alam, V. Sahni and A. A. Starobinsky, JCAP 0406 

(2004) 008; D. Huterer and A. Cooray, Phys. Rev. D 71 

(2005) 023506; Y.G. Gong, Int. J. Mod. Phys. D 14 (2005) 
599; Y.G. Gong, Class. Quantum Grav. 22 (2005) 2121; Yun 
Wang and M. Tegmark, Phys. Rev. D 71 (2005) 103513; Yun- 
gui Gong and Yuan-Zhong Zhang, Phys. Rev. D 72 (2005) 
043518. 

25. P.F. Gonzalez-Diaz, Phys. Rev. D27 (1983) 3042; G. »t 
Hooft, |gr-qc/9310026l 

L. Susskind, J. Math. Phys. 36, 6377 (1995) 
hep-th/9409089 . 

26. C. Wetterich, Nucl. Phys. B 302 (1988) 668. 

27. A. Sen, JHEP 0207 (2002) 065 | arXiv:hep-th702 03265 . 

28. A. Sen, JHEP 0204 (2002) 048 |arXiv:he p-th/0203211 . 

2 9 X. Zhang, Phys Lett. B 641T (2007) 1 
arXiv:astro-p h /0604484] . 

3 X. Zhang, Phys. Rev. D 74 (2006) 103505 
[arXiv:astro-ph /0609699] . 

31. M. R. Setare, Phys. Lett. B 653 (2007) 116 
[arXiv:0705.35T7l [hep-th]]; J. Zhang, X. Zhan g and H. Liu, 
Phys. Lett. B 651 (2007) 84 |arXiv:0706.1185l [astro-ph]]. 

32. N. Cruz, P. F. Gonzalez-Diaz, A. Rozas-Fernandez and 
G. Sanchez, Phys. Lett. B 679 (2009) 293 arXiv:0812.4856 
[gr-qc]]. 



33. S. Nojiri and S. D. Odintsov, Gen. Rel. Grav. 38 

(2006) 1285 [arXiv:hep-th/0506212| ; E. Elizalde, S. Nojiri, 
S. D. Odintsov and P. W ang, Phys. Rev. D 71 (2005) 103504 
[arXiv:hep-th/0502082|; M. R . Setare, Phys. Lett. B 648 

(2007) 329 |arXiv:0704.3679l [hep-th]]; L. N. Granda and 
A. Oliveros, Phys. Lett. B 671 (2009) 199 |arXiv:0810.3663l 
[gr-qc]]; M. Jamil, E. N. Saridakis and M. R. Setare, 
Phys. Lett. B 679 (2009) 172 [arXiv :0906.2847 [hep-th]]; 
M. R. Setare and E. N. Saridakis, Phys. Lett. B 670 (2008) 
1 |arXiv:0810.3296l [hep-th]]: M. R. Setare and E. N. Sari- 
dakis, Phys. Lett. B 671 (2009) 331 |arXiv:0810.0645l 
[hep-th]]; E. N. Saridakis, Phys. Lett. B 661 (2008) 335 
arXiv:0712.3806 [gr-qc]]; E. N. Saridakis, JCAP 0804 (2008) 
020 |arXiv:0712 .2672 [astro-ph]]; E. N. Saridakis, Phys. Lett. 
B 660 (2008) 138 |arXiv:0712 .2228 [he p-th]]; M. R Setare, 
Phys. Lett. B 644 (2007) 99 arXiv:hep-th/0610190'. 

3 4 F. Piazza and S. T sujikawa, JCAP 0407 (2004) 004 
[arXiv:hep-th/0405054] . 

35. M. Gasperini, F. Piazza and G. Veneziano, Phys. Rev. D 
65 (2002) 023508 |arXiv:gr-qc/0108016j . 

36. S. Nojiri, S. D. Odintsov and M. S asaki, Phys. Rev. D 71 
(2005) 123509 [arXivihep-th /0504052 j . 

37. S. Nojiri and S. D. Odintsov, eConf C0602061 (2006) 
06 [Int. J. Geom. M eth. Mod. Phys. 4 (2007) 115] 
[arXiv:hep-th/0601213l . 

38. M. R. Setare and E. N. Saridakis, Phys. Lett. B 670 (2008) 
1 |arXiv:0810.3296l [hep-th]]. 

39. J. Garriga and V. F. Muk hanov, Phys. Lett. B 458 (1999) 
219 [arXiv:hep-th/9904176j . 

40. S. M. Carroll, M Hoffman and M. Trodd en, Phys. Rev. D 
68 (2003) 023509 [arXiv:astrc-ph/0301273] . 

41. J. M. Cline, S. Jeon and G. D. Mo ore, Phys. Rev. D 70 
(2004) 043543 arXiv:hep-ph/0311312 . 

42. B. Gumjudpai, T. Naskar, M. Sami and S. Tsujikawa, 
JCAP 0506 (2005) 007 arXiv:hep-th/0502191| . 

4 3 S. Tsujikawa, Phy s. Rev. D 73 (2006) 103504 
[arXiv:hep-th/0601178] . 

44. M. Li, X. D. Li, S. Wang and X. Zhang, JCAP 0906 (2009) 
036 i arXiv:0904.0928l [astro-ph. CO]]. 

45. Y. Z. Ma and X. Zhang, Phys. Lett. B 661 (2008) 239 
[arXiv:0709. 15171 [astro-ph]] . 



